An improvement in the method of the Reverse Transcription PCR (RT-PCR) using RNase H is proposed here. We succeeded in RT-PCR ampliˆcation against the full sequence of the coding region (8.9 kb) of the Insulin-like growth factor II receptor gene which has the area called the GC-block of about 90z GC contents at the 5? terminal. Furthermore, the RNase H treatment improved the sensitivity of RT-PCR ampliˆcation against a general target.
Recently, the DNA sequences of many genes have been analyzed in genome projects etc. However, the functions of genes have not been fully identiˆed. The old techniques for cloning an individual gene and analyzing its function are now recognized again. The RT-PCR method is used for the cloning of many genes today.
RT-PCR is composed of two steps: one is a reverse transcription reaction which synthesizes cDNAs from RNAs, and another is PCR, which ampliˆes target DNA fragments from these cDNAs. A few reverse transcriptases, which can be used at a high reactive temperature to cancel higher-order structures of RNA, have been developed. However, the clear data have not shown that an increase of 5-109 C in reactive temperature really signiˆcantly improves RT-PCR. Theˆdelity of RT-PCR greatly depends on the process of PCR that ampliˆes a cDNA as template. There is danger that the protein coded by the target gene ruins its function, if the wrong DNA sequence is ampliˆed by this PCR. Then, the family B DNA polymerase that has a proof-reading activity is used in many gene clonings.
We did RT-PCR ampliˆcation against the full sequence of a coding region (8.9 kb) of the Insulinlike growth factor II receptor (IGFR II) gene. These IGFR II target sequences have the area called a GCblock of about 90z GC contents at the 5? terminal (Fig. 1A) . It was impossible to get over this area in long RT-PCR. 1) First of all, 50 pmol of oligo dT20 as the RT primer was mixed with 1 mg of total RNA from human HeLa cells. This solution was chilled quickly on ice after heat denaturation at 659 C for 5 minutes. The cDNAs were synthesized with two kinds of reverse transcriptases that have diŠerent optimal reactive temperatures, namely,``ReverTra Ace'' (Toyobo, Osaka, Japan) and``Superscript III'' (Invitrogen, Carlsbad, CA) reverse transcriptases have their optimal reactive temperatures at 429 C and 509 C, respectively. Portions of the 2-ml reverse transcription reaction were used as PCR templates. We tried to use KOD-Plus-DNA polymerase (Toyobo), the processivity of which is the highest in all PCR enzymes, 2) though it belongs to the family B DNA polymerases. Also this DNA polymerase had the highest PCRˆdelity in all of the family B DNA polymerases used for PCR.
3) PCRs were done in a total volume of 50 ml according to the manufacturer's instructions for KOD-Plus-DNA polymerase using a couple of 0.3 mM oligonucleotide primers: IGFR-f (5?-TCCCGCTCCGTCTCCACCTCCGC-3?) and IGFR-r (5?-CAGGGCGGTTTGCTTCTCAGCAA-TAGA-3?). We adopted the Stepdown PCR cycle which gradually lowered the annealing and elongation temperature. The PCR cycles were 949 C for 2 min, followed by 5 cycles of 989 C for 10 sec, 749 C for 9 min, 5 cycles of 989 C for 10 sec, 729 C for 9 min, 5 cycles of 989 C for 10 sec, 709 C for 9 min and 25 cycles of 989 C for 10 sec, 689 C for 9 min. The reaction was stopped by a 7-min elongation at 689 C.
Consequently, it was possible to conˆrm an ampliˆcation of target DNA with each reverse transcriptase but extra ampliˆcations appeared (Fig. 1B) . The target DNA fragment was not observed when the reactive temperature 559 C was used with Superscript III (data not shown). We supposed that the RNAcDNA hybrids formed the complex of higher-order structures and they had bad in‰uences on the extension reaction of DNA polymerase. Accordingly, we tried to do PCR after the RNA strands of the RNAcDNA hybrids had been decomposed by using RNase H from E. coli. 4) 10U of RNase H (Toyobo) was added to each RT reactive solution and reacted at 379 C for 20 minutes, and then PCRs were done using this reactive solution. The extra ampliˆcations hardly appeared and the target DNA fragments increased as a result (Fig. 1B) . This ampliˆed DNA fragment was cloned with the TA cloning antibody method for the PCR products ampliˆed by family B DNA polymerase without puriˆcation. 5) We conˆrmed the ampliˆcation of the GC-block in highˆdelity, when the DNA sequence of the ampliˆed DNA fragment was analyzed from the acquired transformants. Thus, decomposing the RNA chain of the RNAcDNA hybrids was suggested to be eŠective in decreasing the extra ampliˆcations in RT-PCR.
The eŠect of RNase H treatment was also investigated on RT-PCR against the general target having an average GC content (about 50z) and standard mRNA length (about 2 kb). So 1.8 kb of the Gro L gene that had been cloned from E. coli was used for in vitro transcription. The GC content of the Gro L gene was about 52.7z. Only the already-known density of the Gro L mRNA was used on RT-PCR as a template ( Fig. 2A) . Regardless of the RNase H treatment after the RT reaction, 10 3 copies of Gro L mRNA was a limit for ampliˆcation. However, the products ampliˆed with the RNase H treatment were , and 10 1 copies of GroL mRNA. Reverse transcriptions were done with oligo(dT 20 ) and ReverTra Ace reverse transcriptase according to the manufacturer's instructions. In addition, the RNase H treatments were done as the option. Each 2-ml sample of the RT reaction was then used for a PCR reaction. PCRs were done with KOD-Plus-DNA polymerase according to the manufacturer's instructions. The PCR cycles were 949 C for 2 min and then 40 cycles of 949 C for 15 sec, 609 C for 30 sec, and 689 C for 2 min. Ten-ml portions of the PCR reactions were separated on a 1.0z agarose gel. Lane M shows 200 ng of a HindIII-digested lDNA (Toyobo).
larger than those ampliˆed without the treatment. Moreover, an already-known density of the Gro L mRNA was mixed into 1 mg of HeLa total RNA as a template, and RT-PCR was done to amplify the Gro L mRNA (Fig. 2B) . Without RNase H treatment, 10 3 copies of Gro L mRNA was the limit for ampliˆca-tion. On the other hand, when RNase H treatment was added, it was possible to amplify up to 10 2 copies. Thus, the RNase H treatment increased the ampliˆcation sensitivity on RT-PCR when abundant RNA was present. We supposed that HeLa total RNA protected against physical decomposition of Gro L mRNA. Consequently we showed that the RNase H treatment improved the RT-PCR ampliˆca-tions against a general target.
We found valuable eŠects of RNase H treatment on RT-PCR, for example, against the full sequence of the coding region of the human APC gene (8.9 kb), human Huntingtin gene (10 kb), and so on (data not shown). The eŠects of RNase H treatment were strongly shown on RT-PCR for a long target. PCR would e‹ciently progress by the RNase H treatment that decomposed RNA from a DNA-RNA hybrid, because the extension reaction of DNA polymerase was obstructed by a steady DNA-RNA hybrid.
In summary, the higher RT reactive temperature was not eŠective on RT-PCR against IGFR II mRNA, though it was thought to be most important to get few extra and long target ampliˆcations. And the RNase H treatment was shown to have strong eŠects to decrease extra ampliˆcations and increase the long target. Moreover we showed that the RNase H treatment improves the ampliˆcation sensitivity in RT-PCR. We believe that our results are useful for the improvement of gene clonings with RT-PCR.
